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to receive a second package die. The first package substrate
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plurality of package-to-package interconnects such that the
first and second substrates are separated by a gap. The
second package die has a thickness greater than the gap such
that the second package die is at least partially disposed
within the first package substrate’s window.
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1
PACKAGE-ON-PACKAGE STRUCTURE
WITH REDUCED HEIGHT

TECHNICAL FIELD

This application relates to integrated circuit packaging,
and more particularly to a package-on-package (PoP) struc-
ture in which the top package substrate is modified for
reduced package height.

BACKGROUND

Package-on-package (PoP) structures have been devel-
oped for applications such as cellular telephones and other
portable devices in which circuit board space must be
conserved. The top package is typically a memory package
whereas the bottom package is commonly a processor
package. Package-on-package technology has proven to be
quite popular as compared to other approaches such a
stacked-die circuit. For example, a manufacturer can readily
substitute different memory packages in a PoP circuit, which
thus lowers costs as opposed to being tied to a particular
memory. Moreover, the top and bottom packages may be
tested independently. In contrast, a bad die in a stacked-die
design requires rejection of the remaining good die.

Although the packaging of integrated circuits using PoP
structures is thus quite popular, challenges remain in this
packaging process. For example, as technology advances,
users desire a reduced thickness or height to the PoP stack.
But despite the technological advances in the PoP arts,
obstacles remain with regard to reducing the PoP stack
height. The problems with regard to reducing the package
height may be better understood with reference to FIGS. 1A
and 1B. FIG. 1A shows a conventional PoP stack 100. To
construct PoP 100, a bottom package die 105 is first flip-chip
mounted to a bottom package substrate 110 and encapsu-
lated with a mold compound layer 108. Vias are then formed
in molding compound layer 108 such as through laser
ablation to expose lower solder balls on bottom package
substrate 110. Corresponding upper solder balls on a top
package substrate 120 are then received in the vias, where-
upon a reflow process forms solder joint interconnects 115
from the reflowed upper and lower solder balls to electri-
cally couple top package substrate 120 to bottom package
substrate 110.

Because of the through-mold-via process used to form
PoP 100, there is a gap 140 between a lower surface of top
package substrate 120 and an upper surface of mold com-
pound layer 108. Gap 140 thus increases a PoP stack height
for PoP 100. To achieve a reduced stack height that does not
suffer from gap 140, an alternative PoP architecture has been
developed that may be denoted as a molded-embedded (ME)
PoP 130 as shown in FIG. 1B. In ME-PoP 130, mold
compound 108 is applied after top package substrate 120
and lower package substrate have been joined through
interconnects 115. In this fashion, ME-PoP 130 does not
have a gap 140 between the bottom surface of top package
substrate 120 and an upper surface for mold compound 108.
Me-PoP 130 thus has a reduced height as compared to PoP
100. But regardless of which architecture is chosen, it can be
seen that the bottom surface of top package substrate 120 is
always above the top surface of bottom die 105 since top
package substrate 120 covers bottom die 105. In other
words, top package substrate 120 is stacked with regard to
bottom die 105. The thickness of top package substrate 120
is thus a direct factor in the height of the overall PoP stack.
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2

If the thickness of the top package substrate in a conven-
tional PoP can be thinned by some number of microns, the
height of the PoP is then reduced by the same number of
microns. Similarly, a reduction in the thickness for the
bottom package substrate also reduced the PoP stack height.
The substrates for the top and bottom packages have thus
been progressively thinned to obtain reduced PoP stack
height. But current state-of-the-art organic substrates can be
thinned to no less than approximately 80 to 90 microns. If
the substrates are made any thinner than this minimum
thickness, unacceptable warping occurs. So the minimum
package substrate thickness for the top and bottom package
substrate acts to thwart further advances in PoP stack height
reduction.

Accordingly, there is a need in the art for improved PoP
circuits having reduced height while still having robust
protection against substrate warpage.

SUMMARY

To achieve a reduced PoP stack height, a PoP is provided
in which a package substrate for one of the packages
includes a window sized to receive a die from a remaining
package. Although this substrate window is provided in
what is commonly denoted as the top or upper package
substrate, the top package is referred to herein as the first
package. The remaining package, which would typically be
denoted as the bottom package, is referred to herein as the
second package. In that regard, the art-recognized terms of
“top package” and “bottom package” do not switch defini-
tions if a PoP is flipped upside down. But to avoid any
ambiguity, the top package is referred to herein as the first
package whereas the bottom package is referred to as the
second package. The first package includes at least one first
package die and a window-containing first package sub-
strate. The second package includes a second package die
and a second package die. A plurality of package-to-package
interconnects interconnect the first package substrate to the
second package substrate such that the first and second
package substrates are separated by a gap. The second
package die has a thickness or height greater than the gap
such that the second package die is at least partially disposed
within the first package substrate’s window.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a cross-sectional view of a conventional
package-on-package (PoP) stack.

FIG. 1B is a cross-sectional view of a conventional
molded-embedded PoP stack.

FIG. 2 is cross-sectional view of the first package sub-
strate and the second package substrate for an embodiment
of a reduced-height PoP.

FIG. 3 is a cross-sectional view of the second package
substrate of FIG. 2 with a surface-mounted second package
die to form a second package.

FIG. 4 is a cross-sectional view of the second package of
FIG. 3 coupled to a first package substrate to form a partial
PoP assembly.

FIG. 5 is a cross-sectional view of the partial PoP assem-
bly of FIG. 3 after application of mold compound.

FIG. 6 is a cross-sectional view of a reduced-height PoP
including the partial PoP assembly of FIG. 5.

FIG. 7 is a cross-sectional view of an alternative embodi-
ment of a partial PoP assembly.

FIG. 8 is a cross-sectional view of a reduced-height PoP
including the partial PoP assembly of FIG. 7.
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FIG. 9 illustrates a plurality of electronic systems incor-
porating a reduced-height PoP in accordance with embodi-
ments disclosed herein.

DETAILED DESCRIPTION

To address the need in the art for improved PoP archi-
tectures having reduced stack height while still resisting
warpage, a PoP stack is disclosed that includes a first
package substrate having a window sized to receive a second
package die. As used herein, the first package substrate
window is said to “receive” the second package die in that,
after the first package substrate has been coupled to the
second package substrate, the second package die is dis-
posed at least partially within the first package substrate’s
window.

Overview

The first package substrate includes pads that are coupled
through package-to-package interconnects to corresponding
pads on the second package substrate. Given such package-
to-package interconnects to pads on the first package sub-
strate, a “first package die” is defined herein to be a die
whose input/output (I/0) signals are conducted through the
first package substrate pads. In other words, the definition of
a “first package die” as used herein excludes a die in a
through-silicon-stacking (TSS) arrangement with a second
package die or a die that is wire bonded to a second package
substrate. For example, the 1/O signals for a die that is in a
TSS stack with a second package die would be conducted in
pads on the top die itself as opposed to first package
substrate pads. Similarly, the I/O signals for a die that is wire
bonded to the second package substrate would not be
conducted through first package substrate pads but instead
through the wire bonds to the second package substrate. But
it will be appreciated that such a definition of a “first
package die” would not exclude first package dies stacked
together in a TSS stack through the use of through silicon
vias (TSVs) so long as the I/O for these dies is conducted
through pads on the first package substrate.

Because of the package-to-package interconnects cou-
pling between the first package substrate and the second
package substrate, the first and second package substrates do
not contact each other but are instead spaced apart by a gap
as is conventional in the PoP arts. In the prior art, the second
package die could not have a height (which may also be
denoted as a thickness) that would exceed the gap because
the first package substrate is stacked over the second pack-
age die. For example, referring again to FIGS. 1A and 1B,
if die 105 is increased in height, the gap between substrates
110 and 120 would then be increased accordingly. Since
substrate 120 is stacked over die 105, the thickness of die
105 and the thickness of substrate 120 are direct factors in
the resulting PoP stack height. In contrast, because the first
package substrate disclosed herein has a window that
receives the second package die, the first package substrate
thickness and the second package die thickness no longer
directly combine to affect the resulting PoP stack height.
This is quite advantageous in that the second package die no
longer needs to be excessively thinned to reduce the PoP
stack height. Such die thinning leads to reliability problems
and increases manufacturing costs. But the second package
die disclosed herein is received in the window in the first
package substrate. The second package die can thus have a
thickness greater than the gap separating the first and second
package substrates. Because of this height for the second
package die, there is a portion of the second package die that
extends past the gap. The window acts as a means for
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receiving this portion of the second package die. This
received portion of the second package die then plays no part
in contributing to the PoP stack height. Moreover, if a
combination of the second package die height and a thick-
ness of the interconnects coupling the second package die to
the second package substrate is less than or equal to a
combination of the gap between the first and second package
substrates and the first package substrate thickness, the
second package die height has no effect on the resulting PoP
stack height. In this fashion, the second package die may
have a robust thickness for reliability and lower cost yet the
PoP can still have an advantageously reduced stack height.

In addition, since the gap between the first and second
package substrates no long needs to accommodate the height
of the second package substrate, the manufacture of the
package-to-package interconnects for coupling the package
substrates to each other is simplified. In the prior art, the
package-to-package interconnects needed to form joints that
would span the height of the second package die. Accom-
plishing such a span as the pitch of the package-to-package
interconnects is reduced complicates conventional PoP
manufacture. But the package-to-package interconnects dis-
closed herein need not span the height of the second package
die, which lowers costs as the interconnect pitch is reduced.

In one embodiment, the second package die has a height
compared to the first package substrate thickness such that
the second package die extends only partially into the
window in the first package substrate. In such an embodi-
ment, the second package die may be encapsulated with
mold compound so that the encapsulating mold compound is
exposed in the window. In an alternative embodiment, the
second package die is fully disposed within the window. In
this embodiment, the fully-disposed second package die
may have a surface exposed within the window such that its
exposed surface is not encapsulated with mold compound.
These alternative embodiments for the improved PoP stack
disclosed herein may be better understood with reference to
FIGS. 2-8. FIGS. 2-5 illustrate various steps in the manu-
facture of'a PoP 620 shown in FIG. 6. PoP 620 is an example
of an encapsulated second package die embodiment. In
contrast, a PoP 800 of FIG. 8 is an example of an exposed
second package die embodiment. FIG. 7 illustrates a step in
the manufacture of a PoP 800. PoP 620 will be discussed
first, followed by a discussion of PoP 800.

An Encapsulated Second Package Die Embodiment

PoP 620 of FIG. 6 is an example of an encapsulated
second package die embodiment. In FIG. 6, a dashed line
640 is provided to represent the demarcation between a first
package 645 and a second package 650. In contrast to prior
art PoPs 100 and 130 of FIGS. 1A and 1B, such a demar-
cation is not planar. This non-planar demarcation between
the packages results from a second package die 305 being
partially received within a window 215 in a first package
substrate 200. In this embodiment, second package die 305
is surface mounted onto a second package substrate 110
through flip-chip bumps 300 as is conventional in the PoP
arts. But it will be appreciated that alternative surface mount
technologies such as wire bonding may be used for second
package die 105.

In first package 645, a first package die 600 interconnects
through wire bond interconnects to pads 615 on a surface
515 of first package substrate 200. In turn, pads 615 couple
through vias (not shown) in first package substrate 200 to
pads 405 on an opposing second-package-facing surface 525
of first package substrate 200. Pads 405 interconnect
through package-to-package interconnects 400 to pads 205
on second package substrate 110. It may thus be seen that
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first package die 600 satisfies the definition given earlier for
a “first package die” in that the 1/O signaling for first
package die 600 will be conducted through pads 615 (as well
as pads 405 and package-to-package interconnects 400).

A height for second package die 305 is less than a
thickness for first package substrate 200. In such an embodi-
ment, second package die 305 extends only partially through
window 215. More generally, such a partial extension occurs
whenever a height for second package die 305 in combina-
tion with a thickness for bumps 300 is less than a combi-
nation of a thickness for first package substrate 200 and
interconnects 400. Because of its partial extension into
window 215, second package die 305 is encapsulated with
mold compound 500 such that a surface 510 of mold
compound 500 (instead of second package die 305) is
exposed within window 215. First package die 600 attaches
to the exposed mold surface 510 within window 215
through, for example, a bond pad 605.

An Exposed Second Package Die Embodiment

PoP 800 of FIG. 8 is an example of an exposed second
package die embodiment. PoP 800 includes a first package
810 and a second package 815 whose demarcation is rep-
resented by a dashed line 805. Analogous to first package
645, first package 810 includes a first package die 600 that
is wire-bonded to a first package substrate 700. Second
package 815 is also analogous to second package 650
discussed above in that second package 815 includes a
second package die 715 surface mounted onto a second
package substrate 110. However, second package die 715 in
PoP 800 is relatively thicker than second package die 305
used in PoP 620. Indeed, the thickness for second package
die 715 is such that a first-package-facing surface 520 for
second package die 715 is flush or aligned with a first-
package-die-facing surface 705 of first package substrate
700. Mold compound 500 in PoP 800 thus does not encap-
sulate second package die 715. Instead, surface 520 of die
715 is exposed in window 215. Bond pad 605 for first
package die 600 attaches directly to this exposed surface 520
of second package die 715.

Example Methods of Manufacture

A method for manufacturing PoP 620 will be discussed
first followed by a discussion of a method for manufacturing
PoP 800. FIGS. 2 through 5 illustrate various steps in the
construction of PoP 620. First package substrate 200 and
second package substrate 110 are shown in isolation in FIG.
2 to better illustrate their features. Second package substrate
110 includes a plurality of pads 205 as is known in the PoP
arts. In that regard, second package substrate 110 need not
differ from conventional PoP bottom package substrates. In
contrast to conventional PoP substrates, first package sub-
strate 200 includes window 215 that is sized so as to receive
the second package die as discussed further herein.

Given these PoP substrates, a manufacture of a resulting
PoP stack may proceed as shown for an initial process step
in FIG. 3. In this step, an active surface for second package
die 305 is interconnected to second package substrate 110
such as through flip-chip bumps 300 to pads 205 on second
package substrate 110 to form a first package. But as
discussed earlier, the PoP architectures disclosed herein
include embodiments in which alternative surface mounting
techniques are used for second package die 305 such as wire
bonding. In a wire bonding embodiment, a non-active sur-
face for second package die 305 would face second package
substrate 110 instead of an active surface. However, window
215 would then need to be sized to not only receive second
package die 305 but also to accommodate its wire bonds.

10

15

20

25

30

35

40

45

50

55

60

65

6

Accordingly, the following discussion will be directed to
second package flip-chip embodiments such as shown in
FIG. 3. The following discussion will also assume that the
first package substrate 200 and second package substrate are
organic substrates but it will be appreciated that alternative
substrates may be used such as ceramic substrates.

A subsequent process step is shown in FIG. 4. In this
process step, first package substrate 200 is interconnected
through package-to-package interconnects 400 to second
package substrate 110. Such an interconnection may occur
prior to the application of any mold package as analogously
performed during the manufacture of a conventional Me-
PoP. Package-to-package interconnects 400 may comprise a
variety of interconnect structures such as solder balls,
bumps, micro-bumps, or pillars and are formed between
pads 205 on second package substrate 110 and correspond-
ing pads 405 on second package substrate 200. However,
unlike a conventional ME-PoP process, second package die
305 is disposed at least partially within window 215 in first
package substrate 200. The thickness or height of second
package die 305 is thus no longer directly adds with the
thickness for the first package substrate 200 in terms of
increasing the PoP stack height. In contrast, the height for
die 105 in PoP 100 and ME-PoP 130 discussed previously is
a direct factor in the resulting package height.

This effect of window 215 in reducing the resulting PoP
stack height may be better understood with reference to FIG.
5. In FIG. 5, a mold compound 500 has been applied to
encase second package die 305 and package-to-package
interconnects 400 to complete a partial PoP package assem-
bly subsequent to the substrate-to-substrate interconnecting
step discussed with regard to FIG. 4. Such a mold compound
application is analogous to that performed in an ME-PoP
manufacture process. Mold compound 500 is applied to
encapsulate second package die 305 so as to have a surface
510 for mold compound 500 that is exposed within window
215 and aligned with first-package-die-facing surface 515 of
first package substrate 200. Since second package die 305 is
partially disposed within window 215, a height for second
package die 305 as defined with respect to its surface 520 is
greater than a package-to-package gap separating second-
package-facing surface 525 for first package substrate 200
from an opposing surface of second package substrate 110.
This is quite advantageous because a portion 505 of first
package substrate 200 that does not extend past surface 520
of second package die 305 does not add to the resulting PoP
stack height. Instead, only a portion 509 of first package
substrate 200 between second package die surface 520 and
first package substrate surface 515 adds to the resulting PoP
stack height. In contrast, the entire thickness of top substrate
120 discussed with regard to FIGS. 1A and 1B directly
contributes to the PoP stack height for conventional PoP 100
and ME-PoP 130. Moreover, first package substrate 200
need not be excessively thinned and is thus robust to
warpage. For example, second package die 305 has a
thickness greater than the package-to-package gap between
first package substrate 200 and second package substrate
110. In conventional PoP 100 and ME-PoP 130, bottom
package die 105 must have a thickness less than this gap. But
window 215 enables the package-to-package gap between
first package substrate 200 and second package substrate 110
to be less than the thickness of second package die 305. This
is quite advantageous with regard to reducing the overall
PoP stack height while maintaining robust resistance to
warpage in second package substrate 200.

To complete the construction, a first package die 600 is
attached though a bond pad 605 to exposed surface 510 of
mold compound 500 in window 215 as shown in FIG. 6.
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First package die 600 may then be interconnected through
wire bond interconnects to pads 615 on first package sub-
strate 200 and encapsulated in additional mold compound
610 to form reduced-height PoP 620. It will thus be appre-
ciated that first package die 600 is configured to receive its
input signals from an input set of pads 615 and also to drives
its output signals into an output set of pads 615. Moreover,
first package die 600 will receive its ground and power
couplings from couplings to corresponding ones of pads
615. As known in the PoP arts, second package substrate 110
may then be mounted onto a circuit board (not illustrated)
through bottom ball grid array (BGA) balls 630.

Not only does window 215 eliminate any height contri-
bution from die-overlapping portion 505 of first package
substrate 200, it also aids in reducing pitch as discussed
above. In that regard, as pitch is reduced in conventional PoP
100, it becomes difficult to have interconnects 115 span
across mold compound layer 108. A similar problem exists
with regard to MEP-PoP 130 in that interconnects 115 must
have a height sufficient to span across the height of bottom
package die 105 yet be very close together due to the
reduced pitch. The need for a sufficient height to intercon-
nects 115 is opposed by the need for interconnects 115 to be
relatively narrow to accommodate the fine pitch. But pack-
age-to-package interconnects 400 (FIG. 4) can be both
narrow and short in that they do not need to span the height
of second package die 305. In this fashion, reduced height
PoP 620 also aids in achieving a finer pitch for package-to-
package interconnects 400.

First package substrate 200 of FIGS. 2-6 is thicker than
second package die 3105. Thus, as discussed with regard to
FIG. 5, there is a non-overlapping portion 509 of top
package substrate 200. This non-overlapping portion 509
contributes to the resulting PoP stack height for reduced-
height PoP 620 just as does the entire thickness of conven-
tional top substrate 120 discussed with regard to FIGS. 1A
and 1B. Non-overlapping portion 509 is present because
second package die 305 only partially extends into window
215 such that it is encapsulated with mold compound 500.

In an exposed second package embodiment such as dis-
cussed with regard to PoP 800 of FIG. 8, a second package
die 715 is exposed within window 215. There will then be
no analog to non-overlapping portion 509 of FIG. 5. The
assembly process PoP 800 is largely similar to that used for
PoP 620. The differences are better understood with refer-
ence to FIG. 7, which shows a partial assembly prior to
attachment of the top package die for PoP 800 of FIG. 8. A
first package substrate 700 is no thicker than second package
die 715. Surface 520 for second package die 715 is thus flush
with a first-package-die-facing surface 705 for top package
substrate 700. Mold compound 500 is applied so as to leave
surface 520 exposed and to fill the remaining cavity between
first package substrate 700 and second package substrate
110. Because surface 520 of second package die 715 is
aligned with surface 705 of first package substrate 700, there
is no contribution to the resulting PoP stack height from the
thickness for first package substrate 700. Indeed, in addi-
tional alternative embodiments, the thickness of first pack-
age substrate 700 may actually be thinner than second
package die 715. But if first package substrate 700 is no
thinner than second package die 715 such as shown in FIG.
7, the injection of mold compound 500 into the cavity
between the substrates is more readily accomplished.

To complete the assembly of PoP 800, a first package die
600 is attached to surface 520 of second package die 715
through a bond pad 605 and interconnected through wire
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bond interconnects to first package substrate 700 in an
analogous fashion as discussed with regard to FIG. 6. The
resulting stack height for PoP 800 has thus been entirely
decoupled from the thickness for first package substrate 700.

Example Electronic Systems

The reduced-height PoP architectures disclosed herein
may be incorporated into a wide variety of electronic
systems. For example, as shown in FIG. 9, a cell phone 900,
a laptop 905, and a tablet PC 910 may all include a PoP
constructed in accordance with the disclosure. Other exem-
plary electronic systems such as a music player, a video
player, a communication device, and a personal computer
may also be configured with PoPs in accordance with the
disclosure.

As those of some skill in this art will by now appreciate
and depending on the particular application at hand, many
modifications, substitutions and variations can be made in
and to the materials, apparatus, configurations and methods
of use of the devices of the present disclosure without
departing from the spirit and scope thereof. In light of this,
the scope of the present disclosure should not be limited to
that of the particular embodiments illustrated and described
herein, as they are merely by way of some examples thereof,
but rather, should be fully commensurate with that of the
claims appended hereafter and their functional equivalents.

What is claimed is:

1. A device, comprising:

a first package substrate having a window extending
entirely through the first package substrate;

a first package die;

a plurality of first interconnects in direct contact with both
the first package substrate and the first package die,
wherein the plurality of first interconnects is configured
to provide a first electrical connection for a first signal
between the first package die and the first package
substrate;

a second package substrate interconnected to the first
package substrate through a plurality of package-to-
package interconnects, the first package substrate com-
prising a first surface facing the second package sub-
strate and a second surface facing away from the
second package substrate;

a second package die;

a plurality of second interconnects in direct contact with
both the second package substrate and the second
package die, wherein the plurality of second intercon-
nects is configured to provide a direct second electrical
connection for a second signal between the second
package die and the second package substrate, and
wherein the second package die is disposed at least
partially within the window; and

a mold compound configured to encapsulate the second
package die and to have a surface aligned in a plane
with the second surface of the first package substrate,
wherein the mold compound is further configured to
encapsulate the package-to-package interconnects.

2. The device of claim 1, wherein the plurality of second

interconnects are flip-chip interconnects.

3. The device of claim 1, wherein the first package die is
attached to a mold compound surface.

4. The device of claim 3, wherein the plurality of first
interconnects comprise a plurality of wire bond intercon-
nects.

5. The device of claim 3, wherein the circuit is incorpo-
rated into at least one of a cellphone, a laptop, a tablet, a
music player, a communication device, a computer, and a
video player.
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6. The device of claim 3, wherein the first package die
comprises a plurality of first package dies.

7. The device of claim 1, wherein the second package die
is mounted over the second package substrate and, wherein
the second package die is substantially co-planar with the
first package substrate.

8. The device of claim 1, wherein the second package die
comprises an active surface that faces the second package
substrate.

9. The device of claim 1, wherein the first package die
comprises a first non-active surface, and the second package
die comprises a second non-active surface, and wherein the
first non-active surface of the first package die faces the
second non-active surface of the second package die.

10. The device of claim 1, wherein the second package die
is configured to be directly interconnected to the second
package substrate through the plurality of second intercon-
nects such that the first package substrate can be bypassed.
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